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1. INTRODUCTION

The following report describes the installation of San Andres monitoring well 943M at the
Homestake Mining Company of California (HMC) Grants Reclamation Project (GRP). Well 943M
is a San Andres—Glorieta (SAG) aquifer well installed for the purpose of monitoring SAG aquifer
water levels and quality and as an observation well for a planned test using nearby SAG well 943 as
the pumping well. The Office of the State Engineer POD number for well 943M is B-28-POD-1384.

Well 943M is located approximately 200 feet west-northwest of well 943 and the lithology for well
943 was used in planning of the installation of well 943M. Well 943 is completed in the San Andres
limestone and the underlying Glorieta sandstone to a depth of 978 feet. A general increasing trend in
the uranium concentration in well 943 indicates a likely connection with impacted overlying
aquifer(s) within the Chinle Shale, and this prompted the installation of well 943M.

The drilling of well 943M started on 12/16/17 with a surface casing and the artesian casing was
installed on 12/22/17. The drilling and setting of the well screen within the San Andres occurred on
12/27/17 and the well was developed by airlifting on 12/28/17. A pump was installed in the well
early in January of 2018, and the well was pumped to obtain a sample for testing by Kinetic
Phosphorescence Analyzer (KPA) on 1/8/18. The well was pumped for approximately two hours on
1/12/18 to obtain a sample for laboratory analysis of site standard constituents plus U-234, U-235,
U-238, POy, F and other major constituents.
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2. WELL 943M DRILLING

Well 943M was installed as an artesian SAG well beginning on 12/16/17. The total depth of the
well is 800 feet with 70 feet of well screen installed to extend 60 feet into the San Andres limestone.
The drill time log for well 943M is presented in Figure 2-1 and the corresponding lithologic log is
presented in Figure 2-2. The well completion schematic is presented in Figure 2-3. Geophysical
logging was performed during the drilling and the neutron and gamma logs are presented in Figure
2-4 with the resistivity and gamma logs presented in Figure 2-5.

2.1 Drilling

Figure 2-1 presents the drill time log for well 943M with drilling to install the surface casing
beginning on 12/16/17. The surface casing consisted of 80 feet of 12.75 inch outside diameter (OD)
steel casing cemented to the surface in a 15 inch diameter hole (see Figure 2-3). The drilling for the
artesian began early in the morning on 12/18/17 (see Figure 2-1) and was advanced to a depth of 740
feet on 12/20/17. Geophysical logging was performed on 12/20/17 in the open hole below the
bottom of the surface casing, and again after the artesian casing was installed, and the results are
discussed in Section 2.3. Following the initial geophysical logging, the hole was reamed to a
diameter of 10.625 inches from the base of the surface casing to a depth of 740 feet. A loss of
circulation on 12/18/17 at a depth of approximately 180 feet required use of additional mud and lost
circulation material to regain circulation. After the installation and cementing of the artesian casing
(6.625 inch OD), the drilling was extended to a depth of 800 feet with a 5.5 inch diameter hole. A
70 feet long section of four (4) inch diameter wire-wrapped stainless steel well screen was then
placed to extend 60 feet beyond the base of the artesian casing, which is at a depth of 740 feet. This
resulted in the well screen extending approximately 10 feet above the base of the artesian casing. A
geophysical log was then performed to a depth of approximately 730 feet.

2.2 Well Casing

Figure 2-3 presents the completion diagram for well 943M. Three casing sections consisting of the
surface casing (12.75 inch OD steel), artesian casing (6.625 inch OD steel) and well screen (4 inch
diameter stainless steel) were installed in the well. The surface casing extended 80 feet below land
surface and penetrated the alluvium and an estimated 30 to 36 feet into the Chinle Shale. The
surface casing was grouted with neat cement with a density of 15.4 lbs/gallon.

The artesian well casing was placed from the surface to a depth of 740 feet and grouted with neat
cement (15.3 lbs/gallon) by the Halliburton method on 12/22/17. The well was pressure tested to
350 psi on 12/26/17 (see Figure 2-2). After the pressure testing, drilling for installation of the well
screen resumed.

The four (4) inch diameter wire-wrapped stainless steel well screen was placed from a depth of 730
feet to 800 and extended approximately 60 feet beyond the base of the artesian casing. The well
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screen extended into the boring in the San Andres limestone with an indicated top of the limestone
occurring at a depth of approximately 710 feet (see Figure 2-2).

2.3 Logging and Lithology

The lithology of well 943M was described from cuttings during the drilling and was also evaluated
using geophysical logs The recorded lithologic log is presented in Figure 2-2 and the neutron,
gamma, and caliper logs are presented in Figure 2-4. The gamma, caliper and a suite of resistivity
logs are presented in Figure 2-5.

231 Lithologic Log

The lithologic log presented in Figure 2-2 indicates the base of the alluvium occurs at a depth of
approximately 50 feet and is underlain by the Chinle shale. The geophysical logs discussed in the
following subsections provide a slightly more refined interpretation of the base of alluvium at a
depth of approximately 44 feet.

The occurrence of sandstone or other coarser material in the lithologic log corresponding to the
Middle Chinle aquifer is within the interval from 210 to 270 feet below land surface. However, the
geophysical logs described below and the loss of circulation at a depth of approximately 180 feet
indicates more permeable material is present above a depth of 210 feet. Therefore, the geophysical
logs offer a more refined interpretation of the location of the Middle Chinle aquifer. Like the Middle
Chinle aquifer, the lithologic log notes the presence of coarser material corresponding to the
expected interval for the Lower Chinle aquifer but the noted intervals only allow a crude
identification of the aquifer interval.

The first indication of limestone in the lithologic log occurs in the interval from 690 to 710 feet
below land surface. Below a depth of 710 feet, the lithologic log indicates the San Andres limestone
is present to the bottom of the boring at 800 feet below land surface. Although there were no
cuttings returned below a depth of 780 feet, there is little doubt that the drilling was still within the
San Andres Limestone. Based upon the lithologic log, the top of the San Andres limestone is
interpreted as being at a depth of approximately 710 feet, with a transition from Chinle Shale
occurring from 690 to 710 feet below land surface.

2.3.2 Geophysical Logging

Figure 2-5 presents the neutron, gamma ray and caliper logging for well 943M. The geophysical
logging conducted for the open hole and for the well with artesian casing and well screen installed is
combined in Figure 2-5. The logging run in the open hole encountered an obstruction at a depth of
approximately 455 feet and only the upper 455 feet was logged. The combination of two logging
runs results in two caliper logs with one in the open hole and a log run within the artesian casing.
The open hole caliper log indicates a transition from the surface casing diameter to the smaller
drilling diameter at a depth 68 to 74 feet. However, the surface casing extends to a depth of
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approximately 80 feet so the transition in diameter likely indicates that cuttings accumulated inside
the surface casing for several feet above the base of the surface casing prior to the logging.

The gamma ray log within the open hole (below the surface casing) and within the artesian casing
gives a reasonable indication of the base of the alluvium with a noticeable increase at a depth of
approximately 44 feet. The three neutron logs in Figure 2-4 are useful in interpreting the interval of
the Middle Chinle aquifer with a significant increase in neutron counts typically indicating more
permeable material. There are three significant intervals between a depth of approximately 156 feet
and 256 feet with a total thickness of 40 to 45 feet that are considered the Middle Chinle aquifer (see
Figure 2-4). The resistivity logs presented in Figure 2-5 also show three significant intervals
between a depth of approximately 156 feet and 256 feet that correspond with the more permeable
intervals indicated in the neutron logs.

The neutron logs also indicate two intervals at approximately 380 to 395 feet below land surface and
446 to 480 feet below land surface that represent the Lower Chinle aquifer. The upper interval of
the Lower Chinle aquifer is also reflected in the resistivity logs in Figure 2-5. From a depth of 480
feet to approximately 690 feet the gamma ray and neutron logs indicate Chinle Shale, and this is
consistent with the lithologic log.

The gamma ray and neutron logs in Figure 2-5 do not show an abrupt change indicating the presence
of the San Andres limestone. There is a minor reduction in gamma counts at a depth of 694 feet and
a gradual increase in neutron counts below a depth of approximately 675 feet. However, the
lithologic log is considered a more reliable indicator of the top of the San Andres limestone.
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12/17/17 1:30 Surface casing set
First batch of cement poured, 1.1 cubic yards,
4:00 154 Ibs/gd
‘ Second batch of cement poured, 1.1 cubic yards,
5:10 15.4 Tbs/gd
12/18/17 4:50 Artesian Casing driling started
9:00 Circulation lost
16:00 Circulation regained
12/20/17 13:00 Total depth for artesian casing reached
22:00 Logger lung upin hole at 420'
23:00 Started reaming hole for artesian casing
12/21/17 12:00 Finished reaming hole for artesian casing
12/22/17 4:00 Artesian casing sct
2 cement trucks placed via Halliburton method (7
10:00 cubic yards each), 153 Ibs/gal
12/26/17 12:00 OSE inspected pressure test, 350 psi
12/27/17 11:00 Circulation lost
13:00 Total depth for screen reached
19:00 Screen placed
12/28/17 8:00 Airlifting for development started
' 9:45 End of airlifting

HYDROENC;;;ENNG ue Dri]l Tim.e Log
Well Name: 943M Start Date: 12/16/2017
Driller: Stewart Brothers Eng/Geog: Adam Argucllo
) Drill Time Log ) Pump Installation and Testing
12/16/17'10:30 Surface casing driling started 1/8/18 Pump installed doring prior week
‘ Pump operated briefly to collect sample for KPA
.11:00 Total depth for surface casing reached 14:45 analysis

1/12/18 7:00 Pump test condncted and sample collected

Figure 2-1. Well 943M Drill Time Log
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HYDRO-ENG‘I;I‘EERING, iic Lith()log.c Log‘
Well Name: 943M Start Date:  12/16/2017
Driller: .. Stewart Brothers Eng/Geog:  Adam Arguello

0*-10 brown clay with sand

10°-50 tan sand, small gravel and clay ,
50-150' purple andred shale ;
150'-210' purple shale
210-250' puaple sandstone
250270  white and gray sandstone
270'-360"  red shale with gray and white flecks
360'-400"  red shale with gravel and sandstone
400-480' puple shale
480'-550' red shale
550'-580' puple and red shale fractured \
580-600' purple shale with white sandstone and gravel
600'-690"  pray shale with streaks of pnple
690-710" puple shale and white limestone
710'-780"  white limestone
780°-800° Noreturns

Figure 2-2. Well 943M Lithologic Log
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<>
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<>
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70'OF 4" No. 30 140 O
STAINLESS STEEL _—
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Figure 2-3. Well 943M Completion Schematic
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Figure 3-2. Well 943M Pump Test Water-Level Changes
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3. WELL TESTING

After installation of a pump for sampling of the well in early January of 2018, a brief test of the well
was conducted to collect a sample for KPA analysis of uranium concentration, and this was followed
by two hour pump test to evaluate well and aquifer properties and to collect a sample for laboratory
analysis. The preliminary test of the well was conducted on 1/8/18 and the well was pumped for
approximately 20 minutes to collect a sample for KPA analysis. The resulting uranium
concentration from the KPA analysis was below the effective minimum reporting level for the
instrument. The typical minimum reporting level for uranium concentration with the KPA
instrument is estimated at 0.005 mg/l, but this level is subject to change with chemical interference
or other properties of the sample. However, the preliminary KPA sample confirmed that uranium
concentration in well 943M is below levels of concern for discharge during the pump test.

3.1 Well Testing

An aquifer properties and well sampling test was conducted by pumping well 943M for
approximately two hours on 1/12/18. The data from the field sampling report sheet (see Figure 3-1)
are summarized in Table 3-1. Field water quality parameters of temperature, conductivity, pH and
ORP were recorded during the test at 20 minute intervals. Field water quality measurements were
relatively stable for the last 40 to 60 minutes of the test (see Table 3-1). A sample was collected for
laboratory analysis of HMC’s site standard constituents plus U-234, U-235, U-238, POy, F, and other
major constituents. The sample is in process and the results will be reported when they are
available.

Table 3-1. Well 943M Testing and Sampling

Well 943M Sampling - 1/12/2018
Water Quality Measurements
Pump Start 7:00 Temperature | Conductivity pH ORP
Pump Stop 900 Time (deg C) (uS) (S U) (mV)
Pump Rate 25 gpm 7.01 115 1788 7 64
7.04 115
Lab Sample 720 12 1741 7.38 133
Collected 9 00 740 15 4 1723 713 130
8 00 14 4 1897 7 00 94
8 20 14.1 1901 712 70
8 40 14 9 1911 714 67
900 14.5 1924 7.13 64

3.2 Aquifer Properties

As part of the ongoing well 943 testing program, a logger/transducer was installed in wells 943M,
943 and other wells on 1/5/2018. The water level data from the transducer in wells 943M and 943
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were downloaded and used to evaluate water level changes during the test on 1/12/18. Figure 3-2
presents the water level changes occurring in wells 943M and 943 prior to, during, and after the
pump test during the morning of 1/12/18. There is a small discrepancy of one to two minutes in the
start and stop times for pumping when comparing the transducer data with the times recorded by the
technician during the sampling. The internal clock for the logger/transducer is set by the clock in the
computer used to program the loggers during installation, while the technician likely records times
based on a watch so the discrepancy is not significant and is easily explainable.

Figure 3-2 illustrates the water level changes in wells 943M and 943 recorded by the transducer at
one minute intervals during the morning of 1/12/18. The water level in both wells was relatively
stable for the hour preceding the test. The first significant drawdown occurred in well 943M at 7:02
so the pump start likely occurred around 7:01 according to the logger/transducer clock. The changes
in water level were somewhat erratic through the first thirty minutes of the test, but generally
exhibited an average drawdown of 0.1 to 0.2 feet. After the first hour of pumping, the water-level
change stabilized at an average drawdown of 0.162 feet. Using this drawdown and the reported
discharge rate of 25 gpm, the calculated specific capacity of the well is approximately 154 gpm/foot.

The transducer data indicates an abrupt rise in the water level in well 943M at 9:58 and this is
consistent with a pump shut-off that results in the water in the pump column draining back into the
well. This change if followed by a quick oscillation and the start of recovery in the well. The water-
level recovers to the pre-test level within approximately 30 minutes of the stop of pumping, and
continues to increase indicating that a rising trend in the San Andres aquifer was occurring and had
likely started during the test. The occurrence of changes in the San Andres water levels is expected
because numerous users operate production wells completed in the San Andres aquifer, and there are
frequent changes in the transducer data associated with these aquifer stresses.

The water level in well 943 also responded to the pumping of well 943M with an effective
drawdown of approximately 0.03 feet occurring during the pumping. The recovery in well 943 also
began shortly after pumping stopped, and like well 943M, the water level recovery indicated that a
rising water-level trend was occurring in the San Andres aquifer.

The recovery occurring in well 943M allows an estimation of aquifer transmissivity using the Theis
recovery analysis. Because well 943M was constructed as a monitoring well, the installed pump is
sized to allow efficient sampling and is too small to effectively stress an aquifer as transmissive as
the San Andres limestone. Hence, the magnitude of the drawdown in well 943M is very small, and
the aquifer test analysis methods can only provide a rough estimate of transmissivity. Figure 3-3
presents a semilog analysis of well 943M recovery data using the Theis method. The data selected
for the linear fit are those occurring shortly after the pump was shut off through the point when the
recovery exhibits the influence of the water-level change trends from well operation by other San
Andres aquifer users. The estimated transmissivity from this analysis is 85,000 gal/day/foot which
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is a reasonable value for the San Andres aquifer. As previously mentioned, the magnitude of the
drawdown is small and the resolution of the transmissivity estimate is limited by the relatively small
stress rate.
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HOMESTAKE MINING COMPANY
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Stop: __ 0 G 60 K Time: O RUO  |Temp: _]1 6.4¢, |Cond: 1 133us
' . |Analysis Requested:
Previous Water Level: Total Depth (FILE):
Total Depth (MEASURED): =
Comments: ., Tewm Cordl. a 1Y SR1D— 1\S 31‘;(9' oel~ (L3
| /4. e LZ_&-—Z———' 7 20. 00 — L’g} owo‘amP* -Q‘{

o2 = s (¢ | j30lus | FIA L 140 pep =) 30 .

0340 Z 7z | Jfdius| P 14 §.00 orp-9Y

7:00 14 52 119 29us | 713 ¥20 or -0
Name: Pump Size:
Address: Casing Diameter: ¢,

Usage:

Figure 3-1. Well 943M Field Sampling Form

OelephoneNumber: 000000 ]
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Pu 738
PR 243
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